ABSTRACT BACKGROUND: Abdominal compartment syndrome (ACS) is a clinical syndrome characterized by progressive intraabdominal organ dysfunction resulting from an acute increase in intra-abdominal pressure (IAP). In the absence of prompt treatment, ACS can lead to lethal organ failure. Treatment of ACS is achieved by immediate decompression of the abdominal cavity. As to how and when decompression laparotomy should be performed depends on the clinical condition of the patients. There is limited data regarding outcomes of abdominal closure techiques. The present study aimed to investigate two different temporary closure methods, the vacuum assisted closure (VAC) and Bogota bag techniques, in 40 patients who underwent decompressive laparotomy as part of the management of ACS.
drome that occurs secondary to an acute increase in intraabdominal pressure (IAP) resulting in malfunctioning of respiratory, renal or cardiovascular organs. [1, 2] Major abdominal trauma, disseminated intra-abdominal infections and complicated or prolonged surgeries are among some of the clinical causes of ACS.
Laparostomy, often called as open abdomen, and temporary abdominal closure are life saving interventions in ACS, trauma and abdominal sepsis. [3] [4] [5] [6] [7] [8] Protein deficiency, hypothermia, massive fluid loss due to abdominal wall deficiency and contamination with exogenous bacteria are known to complicate the medical management of ACS. [8, 9] The main objective of open wound treatment is to save the integrity of the 
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abdominal wall, banish the exudate, reduce fluid loss to the third spaces, control the infection and to avoid fistula formation. [9, 10] The optimum temporary closure technique should, therefore, provide these main goals without traumatizing intestinal organs.
Different choices of temporary abdominal closure with considerable advantages and disadvantages currently exist; however, a consensus on which technique should be the treatment of choice hasn't been reached yet. To the best of our knowledge, a prospective study comparing the advantages and disadvantages of different techniques is lacking in the current literature. In the current prospective randomized study, the results of two different temporary abdominal closure techniques, the vacuum assisted closure (VAC) and Bogota bag were compared.
MATERIALS AND METHODS
Between February 2007 and September 2010, forty patients, who developed ACS during follow-up or following trauma and abdominal surgery, underwent decompressive laparotomy as part of the treatment for ACS in the General Surgery Department of the Çukurova University Medical Faculty. Patients with grade III (21-25 mmHg) and IV (>25 mmHg) IAP according to the World Society of Abdominal Compartment Syndrome (WSACS) grading system, patients who were under follow up in the surgical intensive care unit, and those who developed ACS as a result of progressively increasing IAP were included into the study. Patients with American Society of Anesthesologists score 5 exculed from the study.
Forty patients were prospectively randomized either into a VAC and Bogota group in which the open abdomen was managed with vacuum assisted closure or Bogota bag procedures.
The study group consisted of twenty-three males and seventeen females. The median age of the patients was 50.9 years. Clinical, laboratory, mortality and morbidity results of the patients in both groups were recorded and prospectively analyzed. Local ethical Committee approval for the study was received from Çukurova University, Medical Faculty. In order to prevent the development or deterioration of ACS, daily monitorization of IAP was carried out in patients with abdominal and pelvic trauma, head trauma with associated increased intracranial pressure, respiratory insufficiency requiring high pressure ventilation, complicated abdominal surgeries and those with major trauma requiring greater volumes of fluid resuscitation. So as to decrease the risk of developing ACS, fluid administration was limited in patients, and colloids were used under certain circumstances.
Nasogastric and rectal drainage were employed as intraabdominal pressure reducing measures in patients with bowel distention. All patients were placed in supine position to eliminate the effect of patient positioning on IAP measurements. Intraabdominal pressure was measured by using the bladder pressure measurement technique which was first described by Kron et al. and later confirmed by Obeid et al. With the patient in 180° supine position, a drainage tube connected to the Foley catheter was clamped. 25 ml of saline was instilled into the bladder via the aspiration port using an 18-gauge needle. The needle was attached to a three-way stopcock and water manometer. After saline injection, a wait time of 60 seconds was allowed for decontraction of the detrusor muscle. The zero mark of the manometer was placed at the level of the pubic symphysis, and the pressure was read at the meniscus at the end of expirium.
Since mechanical ventilation can act as a predisposing factor for elevated IAP, especially in scenarios where positive end respiratory pressure is applied, ventilation was ceased in patients on mechanical ventilation during IAP measurements to avoid false results. Vecuronium bromide (0.1 mg/kg) in intermittent dosing schedule was used for adequate muscular relaxation for two reasons: to eliminate spontaneous breathing and to decrease oxygen consumption.
IAP results, patient characteristics, co-morbidities and mortalities were recorded. VAC system consisted of a polyure- thane sponge that was placed on the abdominal cavity with an 18-French sized vacuum tube. It was covered with a second layer of occlusive sterile coat. The system was settled after the vacuum tube was connected to a portable pump. The sterile coat was changed every 72 hours (Fig. 1) . The Bogota Bag technique was performed by fixing a sterile plastic bag onto the skin of abdomen (Fig. 2) . The primary end points measured were pre and postoperative IAPs, width of incision, duration of wound healing, time of abdomen closure and discharge, mortalities and complications.
Statistical Analysis
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS version 17). Continuous variables were checked for normality by using the Kolmogorov Smirnov, Shapiro-Wilk tests and histograms. Comparisons between groups were made using the Student's t-test for normally distributed data. The Mann-Whitney U-test was used for data that were not normally distributed. Pre and post operative days were analyzed using the Reorat measure Analysis-Greenhouse-Geisser Test. Statistical significance was accepted for p values less than 0.05.
RESULTS
Forty patients with grade III and IV IAP and abdominal compartment syndrome were included into the study. Demographic characteristic of the patients are given in Table 1 . The most common etiology in ACS patients was gastrointestinal perforation that occurred in twelve (30%) patients. Other etiological factors are shown in Table 2 . The mean time between admission of the patients and laparostomy was 3.9±3.2 h in the VAC group and 5.7±4.9 h in the Bogota bag group (p>0.05). Measurements of skin-to-skin width of incision were made; however, the results did not differ significantly between groups on day 1 (VAC: 13.8±3.2 cm, Bag 15.0±3.8, p=0.289), but the width in the VAC group was reduced significantly on days 4 and 7 (Table 3, Fig. 3 ).
Mean IAP was 21.1±4.3 mmHg before laparostomy in the VAC group and 21.6±4.1 mmHg in the Bogota bag group (p>0.05). Mean IAP on day 1, 4, 7 and 14 was 7.6±2.9 mm-hg, 6.3±2.7 mm-hg, 5.2±2.9 mmHg, and 3.5±1.6 mmHg in the VAC group, respectively. In the Bogota group, mean IAPs were 8.4±3.4 mmHg, 6.3±3.4 mmHg, 5.6±2.9 mmHg, and 5.1±2.5 mmHg, respectively (Table 4) . Mean values were not significantly different on days 1, 4, and 7, but on day 14, the IAP was significantly lower in the VAC group (Table 4 , Fig. 4 During clinical follow up, complications were observed in eleven patients (55%) from the VAC group and in fifteen (75%) patients in the Bogota bag group (p>0.05). The most common complication was acute renal failure, which was seen in nine patients. Other developing complications and their distribution among the groups are shown in Table 5 . There were no statistically significant relationships between complications seen in both groups. There were no complications in fourteen patients. Five patients died in the VAC group and seven patients died in the Bogota Bag group, but the difference was not statistically significant.
DISCUSSION
Temporary abdomen closure in the management of open abdomen is not standardized and depends solely on the discretion and experience of the attending surgeon. However, in patients who develop ACS with grade III and IV IAP, the need for temporary abdomen closure as part of the management of open abdomen is clear.
In the current, prospective, randomized study, the results of two different temporary abdominal closure techniques, VAC and Bogota bag in ACS patients were compared and it was found that the width of incision decreased significantly faster in the VAC group. Moreover, IAP was significantly lower on day 14 in the VAC group with faster wound closure and no increase in complication and mortality.
The most common reason for high intra-abdominal pressure is the increase in the intraperitoneal fluid volume. Pancreatitis, blood loss, edema and secondary increase in the retroperitoneal volume can cause ACS. [11] [12] [13] Meldrum et al. have reported that ACS occurred in twenty-one of one hundred and fortyfive patients (14%) with serious abdominal trauma [14] and that the most common cause was intra-abdominal bleeding due to liver injury in 57% of the cases. Morris et al. have observed one hundred and seven patients with serious abdominal trauma and declared that ACS occurred in sixteen (15%) patients. In the present study including forty patients, the most common reason for ACS was gastrointestinal perforation in twelve patients. Trauma was the etiology in seven patients. [15] Measurement of bladder pressure which was first described by Kron et al. [16] and confirmed by Obeid et al. [17] has been shown to be the most reliable method of measuring IAP. In their study, they have measured the IAP directly via an intraperitoneal catheter from the bladder, stomach or rectum. They have also compared the changes in position and concluded that the IAP results measured from the bladder are the most reliable and that the other three ways are not reliable when the positions changed. Our study adopted the bladder catheter method as described above for the measurements of IAP.
ACS is becoming a more common problem in modern trauma centers. [18, 19] Temporary abdominal closure techniques are used in the management of this situation, but some authors have suggested utilization of different techniques. To date, a consensus on which treatment method should be used has not been reached yet, [20] [21] [22] [23] and to the best of our knowledge this is the first prospective, randomized study comparing the results of these techniques.
The optimum temporary closure technique should prevent intestinal adhesion, protect the skin and allow a close observation of the abdominal cavity. [22] [23] [24] [25] The main advantages of the Bogota bag are that it is cheap, easily performed and replaceable. In addition, the volume loss can be reduced to minimum, and muscular necrosis can be avoided, infection can be drained and inspection is easily done. [26, 27] Current VAC systems have advantages like reduced escape, easy manipulation and control of the fistula. In most series, VAC allows primary abdominal closure without causing ventral hernia. [28] It is also skin protective. However, the major disadvantage of the VAC technique is its high cost. The most common complications in patients treated with VAC are fistula and abdominal compartment syndrome. [29] [30] [31] In our study, none of the patients in both groups had reoccurred ACS; however the most common complication was acute renal failure. Fistula developed in two (5%) patients in the VAC group and in one (2.5%) patient in the bag group.
Batacchi et al. have compared abdominal closure time using the VAC and Bogota bag techniques and reported that abdominal closure could be achieved earlier in the VAC group. [32] Similarly, the present study revealed a significantly earlier abdominal closure time in the VAC group. Recently, a study by Long and colleagues has evaluated the utility of concomitant therapies for open abdomen by comparing the VAC used in combination with the abdominal re-approximation abdominal wall anchor closure (ABRA) system for closure of open abdomen. Primary closure rates between the groups were not statistically significant; however, their study reported fewer operating room visits and time use in patients treated with both systems. [33] Despite recent developments in surgery, mortality among patients with ACS still remains high with a reported range between 42% and 71%, [34] which is probably due to co-morbidities. In our study, five patients in the VAC group and seven patients in the bag group died. (12 in total, 30%). Mortality in ACS is still the most important problem in the early period of ACS. Parsak et al. have declared that intra-abdominal hypertension is directly correlated with mortality in ACS, but that it is not the only factor. [35] They have found that mortality is highest during the first three days and suggested that the IAP should be decreased under a cut off level in the first three days. In the present study, the IAP levels were similar in the two groups on days 1, 4, 7 and so were mortality rates. Yet, IAP was significantly lower in the VAC group on day 14, which could be one of the reasons for earlier abdominal closure in this group. This study offers a closer look at the potential benefits VAC may have over the Bogota bag as a temporary closure technique in the management of abdominal compartment syndrome. The need for larger prospective studies comparing current methods for abdominal closure should be addressed especially in this era where multiple options and increasing operative interventions have been developed for the treatment of critically ill patients.
